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DETERMINING NAVIGATION DESTINATION
TARGET IN A SITUATION OF REPEATED
SPEECH RECOGNITION ERRORS

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s based on and claims priority to
Japanese Patent Application No. 2010-238503 filed on Oct.
25, 2010, disclosure of which 1s mncorporated herein by ret-
erence.

TECHNICAL FIELD

The present disclosure relates to a speech recognition
apparatus adapted for inputting a facility name etc. via
speech.

BACKGROUND

For improvement of safety and operability, some car navi-
gation apparatuses employ a human-machine interface
(HMI) that allows a user to input a facility name or the like by
uttering word or words (speech). To implement the HMI, the
car navigation apparatus 1s equipped with a speech recogni-
tion apparatus for recognizing the user-uttered speech (cf.
JP-H9-114487A).

When the user inputs a name of facility etc. by his or her
speech, the user’s speech 1s recognized by the speech recog-
nition apparatus. In this case, erroneous recognition can occur
for the following reasons. When the user utters a name of
facility etc. that 1s not registered 1n a database for speech
recognition, the speech recognition of the name of facility etc.
1s unsuccessiully performed, and the erroneous recognition
OCCUrs.

In response to the erroneous recognition, the user may
consider that his or her style of speaking 1s imncorrect, or that
the speech recognition apparatus has low recognition accu-
racy. Then, the user may try to utter the name of an nput-
target facility with different intonation with hope for success-
ful speech recognition. In this case, since the speech
recognition apparatus continues to perform the erroneous
recognition, the user may give up using the speech recogni-
tion apparatus or may get a bad impression of the speech
recognition apparatus.

In the case of the above kind of erroneous recognition, it
the user speaks an mput-target facility by calling 1t by another
name (e.g., oificial name), the speech recognition may be
successiully performed. This 1s because another name of the
recognition-desired facility 1s registered 1n the database in
many cases. However, 1n the case of the erroneous recogni-
tion, the user may get frustrated with the failure of the speech
recognition and the user cannot take appropriate measures
such as calling the facility by another name. This 1s experi-
mentally shown.

SUMMARY

In view of the foregoing, it 1s an objective of the present
disclosure to provide a speech recognition apparatus that can
prevent erroneous recognition from continuing when a user
repeatedly utters a facility name that 1s not registered in a
database for speech recognition.

According to a first aspect of the present disclosure, a
speech recognition apparatus includes a speech recognition
section, a comparison section and a guidance output section.
The speech recognition section performs digital conversion to
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convert a speech signal into a digitalized speech data, and
performs speech recognition based on the speech data. The
speech signal 1s inputted via a microphone from a user. The
comparison section makes a comparison between the speech
data inputted the last time and the speech data mputted the
time before the last time 1n response to a user’s indication that
the speech recognition for recognizing a name of a user-input-
target facility by the speech recognition section results in
erroneous recognition multiple times 1 a row. The user-
input-target facility 1s a specific facility that the user would
like to mput. When the comparison section determines that
the speech data inputted the last time substantially matches
the speech data inputted the time before the last time, the
guidance output section performs a predetermined operation.
For example, the guidance output section may output a guid-
ance prompting the user to utter the user-input-target facility
by calling the user-input-target facility by another name.
Alternatively, the guidance output section may make a list of
names ol facilities existing 1n an area in the vicinity of a
present position and displays the list with a display device.
Alternatively, the guidance output section may connect to the
external server via Internet, may make a search by using a
teature of the speech data as a search key to retrieve content,
and may display the retrieve content with the display device
230.

According to a second aspect of the present disclosure, a
speech recognition apparatus for a vehicle includes a speech
recognition section, a comparison section and an external-
byname providing section. The speech recognition section
performs digital conversion to convert a speech signal, which
1s inputted via a microphone from a user, into a speech data,
and performs speech recognition based on the speech data.
The comparison section makes a comparison between the
speech data inputted the last time and the speech data inputted
the time before the last time 1n response to a user’s indication
that the speech recognition for recognizing a name of a user-
input-target facility by the speech recognition section results
in erroneous recognition multiple times 1n a row. The exter-
nal-byname providing section 1s connectable with an external
information center. When the comparison section determines
that the speech data inputted the last time substantially
matches the speech data inputted the time before the last time,
the external-byname providing section transmits information
on a present position of the vehicle to the external information
center, and causes the external information center to search a
first database, which 1s a database of facilities having
bynames, to acquire a list of bynames of facilities that exists
around the present position of the vehicle. The external-
byname providing section receives the list of bynames from
the external information center, and displays the received list
of bynames with a display device.

According to a third aspect of the present disclosure, a
speech recognition apparatus for a vehicle includes a speech
recognition section and a comparison section. The speech
recognition section performs digital conversion to convert a
speech signal, which 1s inputted via amicrophone from a user,
into a speech data, and performs speech recognition based on
the speech data. The comparison section makes a comparison
between the speech data iputted the last time and the speech
data inputted the time before the last time 1n response to a
user’s indication that the speech recognition for recognizing
a name ol a user-input-target facility by the speech recogni-
tion section results 1n erroneous recognition multiple times in
a row. The speech recogmition apparatus further includes a
database of facilities having bynames, and an internal-
byname providing section that acquires a list of bynames of
facilities existing around a present position of the vehicle by
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searching the database of bynames and provides the user with
the acquired list when the comparison section determines that
the speech data inputted the last time substantially matches
the speech data mputted the time betfore the last time.
According to a fourth aspect of the present disclosure, a
speech recognition apparatus includes a speech recognition
section, a comparison section and a position imformation
providing section. The speech recognition section performs
digital conversion to convert a speech signal, which 1s input-
ted via a microphone from a user, into a speech data, and
performs speech recognition based on the speech data. The
comparison section makes a comparison between the speech
data 1nputted the last time and the speech data inputted the
time before the last time in response to a user’s indication that
the speech recognition for recognizing a name of a user-input-
target facility by the speech recognition section results in
erroneous recognition multiple times 1n a row, wherein the
user-input-target facility 1s a specific facility that the user
would like to input. The position information providing sec-
tion 1s communicable with an external information center.
When the comparison section determines that the speech data
iputted the last time substantially matches the speech data
inputted the time before the last time, the position information
providing section transmits the speech data to the external
information center, causes the external information center to
perform the speech recognition based on the transmitted
speech data, causes the external information center to acquire
positional information of the user-input-target facility as a
result of the speech recognition, recerves the positional infor-
mation of the user-input-target facility from the external
information center, and provides the user with the acquired
positional information of the user-input-target facility. Alter-
natrvely, when the comparison section determines that the
speech data iputted the last time substantially matches the
speech data inputted the time before the last time, the position
information providing section may performs the followings.
The position mnformation providing section transmits a char-
acter string, into which the speech data 1s converted, and a
present position of the vehicle to the external information
center, and causes the external information center to search a
first database, which 1s a database of facilities having
bynames, by using the character string and the present poison
of the vehicle to acquire a list of stmilar bynames of facilities
existing around the vehicle. Further, the position information
providing section receives the list of similar bynames of
facilities existing around the vehicle from the external infor-
mation center, and provides the user with the received list.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a block diagram 1illustrating a speech recognition
apparatus of a first embodiment;

FIG. 2 1s a flowchart 1llustrating a control operation of the
speech recognition apparatus of the first embodiment;

FI1G. 3 1s a block diagram 1illustrating a speech recognition
apparatus of a second embodiment;

FI1G. 4 1s a flowchart 1llustrating a control operation of the
speech recognition apparatus of the second embodiment;

FI1G. 5 1s a block diagram 1illustrating a speech recognition
apparatus of a third embodiment;

FI1G. 6 1s a flowchart 1llustrating a control operation of the
speech recognition apparatus of the third embodiment;
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FIG. 7 1s a block diagram 1llustrating a control operation of
the speech recognition apparatus of a fourth embodiment;
FIG. 8 1s a flowchart 1llustrating a control operation of the
speech recognition apparatus of the fourth embodiment;
FIG. 9 1s a block diagram 1llustrating a control operation of
the speech recognition apparatus of a fitth embodiment;
FIG. 10 1s a flowchart 1llustrating a control operation of the
speech recognition apparatus of the fifth embodiment; and

FIG. 11 1s a block diagram 1llustrating a navigation appa-
ratus.

DETAILED DESCRIPTION

Embodiments will be described based on the accompany-
ing drawings.

First Embodiment

A first embodiment will be described with reference to
FIGS. 1 and 2. FIG. 1 a block diagram 1illustrating a system
including a control apparatus 1 (referred also to herein as
speech recognition apparatus) having a speech recognition
function. The control apparatus 1 1s mounted 1 a vehicle
(e.g., automobile). The control apparatus 1 has a function to
control a car navigation apparatus 2 while communicating
with a passenger (user) of the vehicle through speech. The car
navigation apparatus 2 1s also mounted 1n the vehicle.

As shown 1 FIG. 1, the control apparatus 1 1s connected
with a switch 3, a microphone 4, a speaker 5, and the car
navigation apparatus 2. The switch 3 1s manipulatable by the
user so that the user can mput various commands (1ncluding
an operation needed 1n mnputting the speech), various data and
the like. The microphone 4 1s provided to mput the speech.
The speaker 5 1s provided to output the speech. The car
navigation apparatus 2 performs various navigation-related
operations such as detecting present position of the vehicle,
performing route guidance, and the like.

The car navigation apparatus 2 includes a position detector
210, a storage device 220, a display device 230, an operation
switch 240, and a controller 25 for controlling the foregoing,
components. The position detector 210 includes, for example,
a GPS device for detecting present position of the vehicle (see
FIGS. 5 and 11). The storage device 220 includes, for
example, CD, DVD, HD, flash memory or the like for storing
a data for route guidance such as a map data, a place name
data and the like. The storage device 220 may include a DB 18
and a byname database 22, which will be described later. The
display device 230 includes, for example, a liquid crystal
display for displaying various images such as roam map and
the like. The operation switch 240 enables a user to input
commands. The controller 25 includes, for example, a micro-
computer with a CPU (central processing unit), a ROM (read-
only memory), and RAM (random-access memory). The con-
troller 25 may generally control operation of the car
navigation apparatus 2 according to a computer program
stored 1n the ROM. The car navigation apparatus 2 has a route
guidance function. For example, when a user iputs a com-
mand via the operation switch 240 and instructs the route
guidance from a departure point to a destination point, the car
navigation apparatus 2 performs the route guidance by dis-
playing a road map, a mark indicating the present position of
the vehicle, and an optimum route leading to the destination
point on the display device 230.

The display device 230 of the car navigation apparatus 2
displays not only the road map for route guidance but also
various images such as a menu for information search and the
like. In an example of the present embodiment, although the
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control apparatus 1 and the car navigation apparatus 2 are
separated, the control apparatus 1 (called also a speech rec-
ognition apparatus and a speech output apparatus) may be
built in the car navigation apparatus 2.

The control apparatus 1 includes a speech recognition sec-
tion 6, a cancel operation 1dentification section 7, a speech
storage 8, and a feature comparison section 9. The speech
recognition section 6 converts (A/D conversion) a speech
signal, which 1s inputted from the microphone 4, into a digital
speech data. Based on this speech data and a database 10 for
speech recognition, the speech recognition section 6 per-
torms the speech recognition. Further, the speech recognition
section 6 extracts a feature of the speech data, and transmits a
result of the speech recognition and the feature of the speech
data to the cancel operation identification section 7. The
speech recognition section 6 can correspond to a speech rec-
ognition means. For example, the control apparatus 1 may
include a microcomputer with a CPU (central processing
unit), a ROM (read-only memory), and RAM (random-access
memory). The CPU may performs predetermined processes
according to a computer program stored in the ROM.

The cancel operation identification section 7 receives the
result of the speech recognition and the feature of the speech
data. The cancel operation identification section 7 transmits
the result of the speech recognition to the speaker 5, so that the
speaker 5 outputs the result of the speech recognition as a
speech output. The cancel operation 1dentification section 7
records and stores the feature of the speech data 1n the speech
storage 8. The speech storage 8 has two speech memory
queues 8a, 8b. The feature of the latest speech data (i.e.,
speech data mnputted the last time) and the feature of the
second latest speech data (1.e., speech data inputted the time
betfore the last time) are stored in the two speech memory
queues 8a, 8b, respectively. The feature of the speech data
older than the second latest data 1s deleted from two speech
memory queues 8a, 8b.

When the speaker 5 outputs a result of the speech recogni-
tion, and when the user hears that the result of the speech
recognition 1s mnconsistent with (different from) the speech
spoken by himself or herself, a cancel switch of the switch 3
1s manipulated by the user. In response to user’s mampulation
on the cancel switch, a switch signal 1s outputted from the
cancel switch to the cancel operation 1dentification section 7.
Upon recerving the switch signal, the cancel operation 1den-
tification section 7 outputs a command signal commanding
the feature comparison section 9 to make a comparison
between the features of the two speech data stored in the
speech storage 8. By contrast, when the switch signal of the
cancel switch 1s not transmitted to the cancel operation 1den-
tification section 7 (or when the user operates a normal rec-
ognition switch of the switch 3 and a switch signal of the
normal recognition switch 1s transmitted to the cancel opera-
tion 1dentification section 7), the cancel operation 1dentifica-
tion section 7 deletes the features of the speech data stored in
the speech memory queues 8a, 85 of the speech storage 8, and
transmits the result of the speech recognition to the car navi-
gation apparatus 2.

In response to recerving the command, the feature com-
parison section 9 makes the comparison between the features
of the two speech data when the features of the two speech
data are stored 1n the speech storage 8. When the features of
the two speech data do not match each other (e.g., when a
degree of similarity 1s less than 95%), the feature comparison
section 9 does nothing special. By contrast, when the features
of the two speech data match each other (e.g., when the degree
of stmilarity 1s greater than or equal to 95%), the feature
comparison section 9 determines that the user 1s repeatedly
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uttering the same word (e.g., facility name etc.), and the
feature comparison section 9 outputs a guidance speech from
the speaker, so that the guide speech corresponds a message
prompting the user to speak the facility by calling the facility
by another name. An example of the message 1s that “it 1s
likely that the name you uttered 1s not registered; please call
it by another name”. The feature comparison section 9 can
correspond to a comparison means or section, and a gmidance
output means or section.

Operation of the above control apparatus 1 will be
described with reference to a flowchart of FIG. 2. At S10, the
cancel operation 1dentification section 7 of the control appa-
ratus 1 causes the speaker 5 to output a guidance speech
prompting an input of a name of a facility. At S20, the speech
recognition section 6 recerves the user-uttered speech via the
microphone 4, performs a speech recognition operation, and
extracts a feature of the speech data. Further, the cancel opera-
tion 1dentification section 7 causes the speaker 3 to output a
result of the speech recognition of the speech recognition
section 6.

Then, at S30, the cancel operation 1dentification section 7
determines whether the cancel switch 1s manipulated by the
user. When 1t 1s determined that the cancel switch 1s not
mampulated by the user, in other words, when the speech
recognition has been successtully performed, the determina-
tion “NO” 1s made at S30, and the process proceeds to S40. At
5S40, display 1s moved to a next screen, and then, a usual
normal operation 1s performed.

When it 1s determined at S30 that the cancel switch 1s
mampulated by the user, in other words, when the speech
recognition has been unsuccessiully performed (1.e., when
the speech recognition results 1n erroneous recognition), the
determination “YES” 1s made at S30, and the process pro-
ceeds to S50. At S50, the cancel operation 1dentification sec-
tion 7 records the feature of the speech data extracted from the
speech data used 1n the above speech recognition, so that the
teature of the speech data 1s stored in the first speech memory
queue 8a of the speech storage 8. This stored data 1s referred
to as speech data *“1”.

At S60, the cancel operation 1dentification section 7 causes
the speaker 5 to output a guidance speech prompting the input
of the name of the facility. At S70, the speech recognition
section 6 receives the user-uttered speech via the microphone
4, performs a speech recognition operation, and extracts a
teature of the speech data. In addition, the cancel operation
identification section 7 causes the speaker S to output a result
of the speech recogmition of the speech recognition section 6.

At S80, the cancel operation 1dentification section 7 deter-
mines whether the cancel switch 1s manipulated by the user.
When 1t 1s determined that the cancel switch 1s not manipu-
lated by the user, 1n other words, when the speech recognition
has been successtiully performed, the determination “NO” 1s
made at S80, and the process proceeds to S40. At S40, the
display 1s moved to the next screen, and then, the usual normal
operation 1s performed.

When it 1s determined at S80 that the cancel switch 1s
mampulated by the user, in other words, when the speech
recognition has been unsuccessiully performed (1.e., when
the user indicates that the speech recognition results 1n erro-
neous recognition multiple times 1n a row), the determination
“YES” 1s made at S80, and the process proceeds to S90. At
S90, the cancel operation 1dentification section 7 records the
teature of the speech data extracted from the speech data used
in the above speech recognition, so that the feature of the
speech data 1s stored 1n the first speech memory queue 8a of
the speech storage 8. This stored data 1s referred to as “speech
data 2”. In this case, the speech data previously stored 1n the
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first speech memory queue 8a before the process S90 1is
moved to and stored 1n the second speech memory queue 85.
That 1s, the two speech memory queues 8a, 8b store the
teatures of the latest speech data (1.e., the speech data inputted
the last time) and the feature of the second latest speech data
(1.e., the speech data inputted the time before the last time),
respectively. The latest speech data i1s also referred to as
“speech data 2”. The second latest speech data 1s also referred
to as “speech data 1”.

Then, a feature of a further-new speech data may be
recorded and stored in the speech storage 8. In this case, the
teature of the further-new speech data, which 1s presently
latest, and the feature of the second latest speech data are
respectively stored 1n the two speech memory queues 8a, 85,
and the feature of the speech data older than the above two 1s
deleted. In the above, the deleted speech data 1s the third latest
speech data, which was mputted the time prior to the previous
time. Then, a process of storing the features of the two latest
speech data 1 the two speech memory queues 8a, 8b 1s
repeated.

At 5100, the feature comparison section 9 makes a com-
parison between the feature of the speech data (speech data 1)
stored 1n the first speech memory queue 8a and the feature of
the speech data (speech data 2) stored 1n the second speech
memory queue 8b. At S110, it 1s determined whether the
degree of similarity between the two speech data 1 and 2 1s
greater than or equal to a predetermined degree of, for
example, 95%. When it 1s determined that the degree of
similarity 1s greater than or equal to the predetermined degree
(e.g., 95%), 1t can be determined that the same facility name
was repeatedly uttered by the user. In this case, the determi-
nation “YES” 1s made at S110, and the process proceeds to
S130. At 5130, the cancel operation 1dentification section 7
causes the speaker 5 to output a massage prompting the user
to speak the facility by calling 1t by another name. For
example, the speaker 5 outputs a massage “it 1s likely that the
name you spoke may not be registered; please speak it by
another name”.

When 1t 1s determined at S110 that the degree of similarity
between the two speech data 1s not greater than or equal to the
predetermined degree (e.g., 95%), 1t can be determined that
the user did not repeatedly speak the same facility name, that
1s, the user spoke the different facility names. In this case, the
determination “NO” 1s made at S110 and the process pro-
ceeds to S120. At S120, the cancel operation 1dentification
section 7 causes the speaker 5 to output a guidance prompting
the user to 1input (speak) the facility name.

At S140, the speech recogmition section 6 receives the
spoken speech inputted from the user via the microphone 4,
performs the speech recognition, and extracts the feature of
the speech data. In addition, the cancel operation 1dentifica-
tion section 7 causes the speaker 5 to output a result of the
speech recognition of the speech recognition section 6. Then,
the process proceeds to S30, so that the above-described steps
are repeatedly performed.

In the present embodiment, the control apparatus 1 1s con-
figured as follows. When the user speaks a name of an 1input-
target facility etc., the error recognition or failure of the
speech recognition may occur multiple times (e.g., two times)
in a row 1 the spoken name of the mput-target facility 1s not
registered 1n the database. In this case, 1t 1s determined
whether a “same word” 1s spoken by the user the multiple
times 1 a row. When it 1s determined that the “same word” 1s
spoken by the user multiple times 1n a row, the speaker 5
outputs a guidance speech messages that prompts the user to
speak the mput-target facility etc. by calling it by another
name. For example, the speaker 5 outputs the massage 1ndi-
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cating that “the name you spoke 1s not registered; please
speak by calling it another name”. According to the above
configuration, 1t becomes possible to let the user speak the
name of the facility that 1s registered 1n the database 10. Thus,
it 15 possible to prevent the erroneous recognition from con-
tinuing, prevent the user from giving up using the speech
recognition apparatus, and prevent the user from getting a bad
impression of the speech recognition apparatus.

In the above example, when the erroneous recognition
occurs multiple times 1n a row, and when 1t 1s determined that
the “same word” 1s spoken by the user multiple times 1n a row,
the speech guidance 1s outputted to prompt the user to speak
the facility name by calling 1t by another name. Alternatively,
the control apparatus 1 may be configured as follows. In place
of or in addition to the speech guidance, the feature compari-
son section 9 may make a list (name list) of names of facilities
ex1sting 1n an area 1n the vicinity of the present position of the
vehicle, and the feature comparison section 9 may cause the
display device 230 to display the list.

For example, the list may be displayed together with the
guidance indicating that: there are these facilities around the
present position; what you had tried to mput may be one of
nicknames of these facilities; please input again by referring,
to these.

In the above configuration, when a popular name (nick-
name) “Yokohama red brick warehouse™, which 1s not regis-
tered in the database 10, 1s spoken by the user multiple times
in a row for example, the display device 230 may display 1ts
official name “New-port in-bound warechouse” as one of
facilities 1n the list on assumption that this official name
(proper name) of this “Yokohama red brick warchouse” 1s
registered in the database (dictionary). Thus, as long as the
user knows the oflicial name of “Yokohama red brick ware-
house”, the user can selects and inputs its official name “New-
port in-bound warehouse” by seeing the displayed official
name. In the above example, the display device 230 displays
the list of names of facilities existing 1n an area in the vicinity
ol the present position of the vehicle. Alternately, the control
apparatus 1 may be configured as follows. In place of or 1n
addition to the display of the list, the names of the facilities 1n
the area 1n the vicinity of the present position of the vehicle
may be read aloud as a speech output in order of, for example,
increasing distance from the present position of the vehicle.

In this configuration, when 1t just happens that an oificial
name of a facility slips user’s mind and that the user remem-
bers the popular name of the facility not registered in the
database (it 1s assumed that the user could remember an
official name of a facility registered 1n the database in the
usual case), the user 1s provided with the list that possibly
contains the official name. The user 1s provided with a greater
opportunity to mput a command about the facility by speech
input.

For example, the user 1s provided with an increased possi-
bility to remember that the facility having a common name
“Yokohama red brick warehouse™ has an official name called
“New-port 1n-bound warehouse”, and accordingly, the user
can speak and input the facility with its official name regis-
tered 1n the database. That 1s, 1t 1s possible to increase the
opportunity and possibility for the user to successtully mput
a command about the facility by speech input.

Alternatively, the control apparatus 1 may be configured as
follows. When the erroneous recognition occurs multiple
times 1n a row, and when 1t 1s determined that the “same word™
1s repeatedly spoken by the user, the control apparatus 1
(feature comparison section 9) may connect to an external
server (information center 11) via Internet, may make a
search by using a feature of the speech data of the user-spoken
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speech as a search key to retrieve content, and causes the
display device 230 to display the retrieved content. In this

configuration, the user can select and mput the name of the
user-input-target facility by seeing the displayed content. In
making the search by using the feature of the speech data as
the search key, the control apparatus 1 may use a speech
search solution such as voice searcher or the like, which
enables a search for “a word” with *“a raw speech”.

Alternatively, the control apparatus 1 may be configured as
follows. When name of a user-input-target facility, which the
user would like to input, 1s inputted as a first speech input, the
speech recognition section 6 recognizes the first speech input
and refers to the dictionary of the database 10 to determine
whether a facility name coinciding with the first speech input
exists 1n the dictionary. When the speech recognition section
6 determines that the facility name coinciding with the first
speech mput does not exist in the dictionary, the feature
comparison section 9 notifies the user that the facility name
comciding with the first speech input does not exist in the
dictionary. Further, the feature comparison section 9 stores
the first speech mput and prompts the user to re-mnput the
user-input-target facility as a second speech input. When the
speech recognition section 6 determines that the facility name
coinciding with the second speech input does not exist in the
dictionary, the feature comparison section 9 makes the com-
parison between a data of the first speech input and a data of
the second speech input. When the feature comparison sec-
tion 9 determines that the data of the first speech input sub-
stantially matches the data of the second speech 1nput, the
feature comparison section 9 prompts the user to utter the
user-input-target facility by calling the user-input-target
tacility by the another name.

Second Embodiment

FIGS. 3 and 4 illustrate a communication system for a
vehicle 1n accordance with a second embodiment. Between
the first and second embodiments, like references are used to
refer to like parts. In the second embodiment, as shown in
FI1G. 3, an external information center 11 includes a database
12 (also called “byname database 12°) of facilities having
bynames such as common name, nickname and the like. By
searching the byname database 12, it 1s possible to acquire a
list of bynames of facilities existing around the present posi-
tion of the vehicle. The control apparatus 1 reads aloud this
list, or displays the list with the display device 230 of the
vehicle. In the list of bynames of facilities, the byname, the
official name registered in the dictionary and the positional
information are associated with each other. Both of the
byname and the official name are displayed. In the case of the
above configuration, the communication system for a vehicle
includes a control apparatus 1, the car navigation apparatus 2
and the information center 11.

Specifically, as shown 1n FIG. 3, the control apparatus 1 of
the vehicle includes an mnformation acquisition section 13 for
acquiring information on the present position of the vehicle
etc., a communication device 14 for performing communica-
tions through connecting to, for example, a cellular phone
network, and a speech read-aloud section 15. The information
acquisition section 13 acquires the information on the present
position of the vehicle (referred to as the vehicle position)
from the car navigation apparatus 2, and transmits the
acquired vehicle position to the information center 11 via the
communication device 14. The speech read-aloud section 135
receives a list of bynames of facilities, which 1s made by the
information center 11 1n the below-described manner, via the
communication device 14 from the information center 11.
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The speech read-aloud section 15 reads aloud (provides) the
received list of bynames of facilities as a speech output from
the speaker 5. The recerved list of bynames of facilities 1s
transmitted to the car navigation apparatus 2 and displayed
(provided to the user) with the display device 230. In this case,
the control apparatus 1 and the car navigation apparatus 2 can
correspond to an external-byname providing means or sec-
tion. Alternatively, the information acquisition section 13, the
communication device 14 and the speech read-aloud section

15 may correspond to an external-byname providing means
or section.

The information center 11 includes a communication
device 16 connectable to, for example, a cellular phone net-
work, a controller 17, a byname database 12, a map database

18, and a web (WWW) site 19. The controller 17 recetves the

information on the vehicle position transmitted from the con-
trol apparatus 1 of the vehicle, and searches the byname
database 12 with the recerved vehicle position. The controller
17 acquires a list of bynames of facilities (a list of bynames of
facility names) existing around the vehicle position, e.g.,
existing within a predetermined radius (e.g., approximately
10 km to 20 km) from the vehicle position. Then, the control-
ler 17 transmuts the acquired list of bynames of facilities to the
control apparatus 1 of the vehicle via the communication
device 16.

The information center 11 creates, accumulates and
extends the data of the byname database 12 in the below-
described manner. As shown in FIG. 3, a frequently-used
common-name or nickname of a local facility, which may be
the most-frequency-used byname, 1s collected in the informa-
tion center 11 1n such way that an unspecified number of users
(also referred to as “other users™) access, for example, the
web site 19 of the information center 11 via Internet from
their personal computers (PCs) or mobiles. The controller 17
of the information center 11 registers the collected common
name or nickname (which may be rated the most-frequently-
used name) 1n the byname database 12 while associating the
collected common name or nickname with the official name.
The registered byname 1s associated with (connected to) the
map data (facility position imnformation), so that the list of
byname of facilities around the wvehicle can be easily
acquired.

As shown i FIG. 3, car navigation apparatuses 21
mounted to other vehicles include a user-settable byname set
database 22. A name or an abbreviated name frequently used
by the user in speech recognition 1s arbitrarily registered in
the byname set database 22 by the user. The information
center 11 collects the data of the byname set databases 22 of
the car navigation apparatuses 21 ol a large number of
vehicles, and registers the collected data in the byname data-
base 12. Specifically, when a controller 23 of the car naviga-
tion apparatus 21 receives a collection command from the
information center 11 via a communication device 24, the
controller 23 transmits the data of the byname set database 22
to the information center 11 via the communication device
24. The communication device 24 has a function to commu-
nicate through connecting to, for example, a cellular phone
network.

When the controller 17 of the information center 11
receives the data of the byname set database 22 of the car
navigation apparatus 21 via the commumication device 16, the
controller 17 stores the received data. When there are similar
names (fuzzy coincidence) among two or more vehicles, the
similar names are registered as the bynames in the byname
database 12 while being associated with the official names.
The registered byname 1s associated with (connected to) the
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map data (facility position imnformation), so that the list of
byname of {facilities around the wvehicle can be easily
acquired.

Next, operation of the control apparatus 1 of the second
embodiment will be described with reference to the flowchart
of FIG. 4. Between the flowcharts of the first and second

embodiments, like references are used to refer to like steps.
Since steps S10 to S110, S120 and S140 of FIG. 4 of the
present embodiment can be substantially the same of those of
FIG. 2 of the first embodiment, other steps will be mainly
described below.

When 1t 1s determined that the degree of similarity between
the two speech data “1” and *“2” 1s greater than or equal to the
predetermined degree (e.g., 95%), it can be determined that
the same facility name 1s spoken by the user multiple times in
a row. In this case, the determination “YES” 1s made at S110
and the process proceeds to S210. At 5210, the control appa-
ratus 1 transmits the information on the present position of the
vehicle (vehicle position) to the information center 11. Then,
the control apparatus 1 waits for the information center 11 to
transmit the list of bynames of facilities existing around the
vehicle position.

When receiving the information on the vehicle position,
the information center 11 searches the byname database 12
based on the information on the vehicle position, thereby
acquiring the list of bynames of facilities existing around the
vehicle position. The information center 11 transmits a data of
the acquired list of bynames of facilities to the control appa-
ratus 1 of the vehicle. The data of the acquired list of bynames
of facilities 1s rearranged 1n order of increasing distance from
the vehicle. Official names and positional information of
facilities (facility location immformation) are attached to the
data of the list and associated with the bynames 1n the list.

At S220, the information acquisition section 13 of the
control apparatus 1 of the vehicle recerves (acquires) the data
of the list of bynames of facilities transmitted from the infor-
mation center 11. At S230, the speech read-aloud section 15
reads aloud the received data of the list of bynames of facili-
ties 1n order of increasing distance from the vehicle position,
so that it 1s outputted (provided) from the speaker 5 as a
speech output. As well as this speech output, the received data
of the list of bynames of facilities 1s transmitted to the car
navigation apparatus 2 of the vehicle, so that the display
device 230 displays (provides) the list of bynames of facilities
in order of increasing distance from the vehicle position. In
displaying the list, the facility names (official names) regis-
tered 1n the database 10 of the speech recognition apparatus of
the user and corresponding common names (nicknames or
bynames not registered in the database 10) are arranged in
pairs.

In addition to displaying the list, 1t may be preferable to
perform a speech guidance etc. indicating that: “a list of
facilities around the present position 1s displayed; the facili-
ties are also called by the displayed nicknames or popular
names; 1f the facility name you are trying to input 1s the
nickname or popular name 1n this list, please mput its otficial
name.

Then, the process proceeds to S120 where the speaker 5
outputs the gmdance speech prompting the user to input
(speak) the facility name. Then, the process proceeds to S140
to perform the speech recogmition. Subsequent steps can be
the same as those of the first embodiment.

In the present embodiment, when the user completely does
not know an official name of a facility that is registered in the
dictionary (database 10) while remembering a common name
of the facility that 1s not registered 1n the dictionary, the user
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1s provided with an increased chance to mput a command
about the facility by speech input.

When the example of the first embodiment 1s referred to,
the user 1s provided with an increased possibility to become
aware that a facility having a common name “Yokohama red
brick warehouse™ has an official name “new-port in-bound
warchouse”, and the user 1s provided with an increased pos-
sibility to perform speech input with the official name regis-
tered 1n the dictionary. That 1s, the user 1s provided with an
increased chance to successiully mput a command about the
tacility by speech input.

In displaying the list, 1t may be preferable to display the
name registered 1n the dictionary and the name not registered
in the dictionary distinguishably from each other. In this case,
when the list includes an oflicial name of a certain facility
registered 1n the dictionary, and when the user had tried to
input the certain facility by using a name not registered in the
dictionary, the user can become aware that the name of the
certain facility he or she had tried to input 1s not registered 1n
the dictionary. In this way, the user can easily input the facility
with the registered oflicial name.

When acquiring the information on other users (other
vehicles) via the center, the control apparatus 1 may selec-
tively acquire the information on people whose daily acting
range 1s around the present position of the vehicle. This 1s
because 1t 1s highly likely that the people whose daily acting
range 1s around the present position of the vehicle 1s local
people and changes the facility name 1nto a nickname (e.g.,
change “New-port in-bound warehouse” into a “Yokohama
red brick warehouse” or “red brick warehouse™).

In the second embodiment, the control apparatus 1 1s con-
figured as follows. When the erroneous recognition occurs
multiple times 1n a row, and when 1t 1s determined that the
“same word” 1s spoken by the user multiple times 1n a row, the
control apparatus 1 transmits the present position of the
vehicle to the external information center 11, causes the infor-
mation center 11 to search the byname database 12 and
acquire a list of bynames of facilities existing around the
present position of the vehicle. The control apparatus 1
receives the list, and reads aloud the list or display the list with
the display device 230 of the vehicle. In this configuration,
when the list of bynames of facilities 1s displayed or read
aloud, the user can see a correspondence between the byname
and the official name registered 1n the database 10 (dictio-
nary) ol the speech recognition apparatus, and the user can
selectively speak the official name corresponding to the
byname. In this way, 1t 1s possible to perform the speech
recognition of the official name spoken by the user, thereby
acquiring the official name and the positional information of
the facility (facility location information). Therefore, 1t 1s
possible to prevent the erroneous recognition from continu-
ing, and 1t 1s possible to prevent the user from giving up using
the speech recognition apparatus and from getting a bad
impression of the speech recognition apparatus.

In the above example of the second embodiment, the con-
trol apparatus 1 acquires the list of bynames of facilities
ex1sting around the present position of the vehicle by collect-
ing the information from other persons via the information
center 11, and displays or reads aloud this list. Alternatively,
the control apparatus 1 may be configured as follows. For
example, the names (bynames ) that are 1n the acquired list and
are not registered in the dictionary may be converted 1nto a
speech data, and the converted speech data may be automati-
cally registered 1n the dictionary for speech recognition in the
database 10 while being connected to the registered data of
the formal names and facility locations. In this configuration,
when the user selectively speaks the byname, the control
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apparatus 1 can recognize the spoken byname by the speech
recognition based on the recerved data of the list of bynames

or the dictionary of the database 10, and the control apparatus
1 can acquire the official name and the positional information
of the facility (facility location information).

The control apparatus 1 of the present embodiment may be
configured as follows. When the user inputs the user-input-
target facility as a first speech mput by uttering the name of
the user-input-target facility, the speech recognition section 6
recognizes the first speech input and refers to the dictionary of
the second database 10 to determine whether a facility name
comnciding with the first speech input exists 1 the dictionary.
When the speech recognition section 6 determines that the
facility name coinciding with the first speech input does not
exist 1n the dictionary, the control apparatus 1 (external-
byname providing section) notifies the user that the facility
name coinciding with the first speech mput does not exist in
the dictionary. Further, the control apparatus 1 stores the first
speech mnput and prompts the user to re-input the user-input-
target facility as a second speech mput. When the speech
recognition section 6 determines that the facility name coin-
ciding with the second speech mput does not exist in the
dictionary, the feature comparison section 9 makes the com-
parison between a data of the first speech input and a data of
the second speech mnput. When the feature comparison sec-
tion 9 determines that the data of the first speech input sub-
stantially matches the data of the second speech 1nput, the
control apparatus 1 transmits the information on the present
position of the vehicle to the external information center 11,
and causes the external information center 11 to search the
byname database 12 (also called first database) of the external
information center 11 to acquire a list of bynames of facilities
existing around the present position of the vehicle. The con-
trol apparatus 1 recerves the list of bynames from the external
information center 11, and displays the recerved list of
bynames with the display device 230. In this configuration, it
may be preferable that the control apparatus 1 (external-
byname providing section) display a first name set and a
second name set 1n pairs on the display device 230. The first
name set 1s a set of names registered 1n the dictionary of the
second database 10. The second name set 1s a set of bynames
not registered in the dictionary of the second database 10.
Alternatively, the control apparatus 1 (external-byname pro-
viding section) may display the first name set and the second
name set distinguishably from each other on the display

device 230.

Third Embodiment

A third embodiment will be described with reference to
FIGS. 5 and 6. Between the second and third embodiments,
like references are used to refer to like parts. In the third
embodiment, as shown 1n FIG. §, the car navigation apparatus
2 includes a byname set database 22, which can be made or
arranged by the user. For example, the controller 25 (corre-
sponding to the search section 25) of the car navigation appa-
ratus 2 searches the byname set database 22 based on the
information on the vehicle position acquired by the position
detector 210, and thereby acquiring a list of bynames of
facilities existing around the vehicle position (list of bynames
of facility names). The list may list up bynames of facilities
existing within a predetermined radius, e.g., 10 km to 20 km,
from the vehicle position. The speech read-aloud section 135
receives the list of bynames acquired by the search section 25,
and outputs (provides) the list as a speech output 1n order of
increasing distance from the vehicle position. As well as the
speech output of the list, the display device 230 of the car
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navigation apparatus 2 displays (provides) the data of the list
in order of increasing distance from the vehicle position. In

this case, the control apparatus 1 and the car navigation appa-
ratus 2 can correspond to an internal byname providing means
or section. Alternatively, the speech read-aloud section 15
may correspond to an internal byname providing means or
section

Next, operation of the control apparatus 1 of the third

embodiment will be described with reference to the flowchart
of FIG. 6. Between FIG. 6 and FIG. 3, like references are used

to refer to like steps. Since step S10 to S110, S230, S120 and
S140 of the present embodiment can be substantially the
same as those FIG. 4 of the second embodiment, other steps
will be mainly described below.

When 1t 1s determined at S110 of FIG. 6 that the degree of
similarity between the two speech data “1”” and “2” 1s greater
than the predetermined degree (e.g., 95%), 1t can be deter-
mined that the “same word” 1s spoken by the user multiple
times 1n a row. In this case, the determination “YES” 1s made
at S110, and the process proceeds to S310. At S310, based on
the information on the present position of the vehicle (vehicle
position), the control apparatus 1 searches the byname set
database 22 and makes a list of bynames of facilities. Then,
the process proceeds to S230. Subsequent steps can be sub-
stantially the same as those of the second embodiment.

Except for the above-described configuration, the third
embodiment can have substantially the same configuration as
the second embodiment. Theretore, the third embodiment can
achieve substantially the same advantages as the second
embodiment.

Fourth Embodiment

A fourth embodiment will be described with reference to
FIGS. 8 and 9. Like references are used to refer to like parts.
In the fourth embodiment, when the erroneous recognition
occurs multiple times in a row and when 1t 1s determined that
the “same word” 1s spoken by the user multiple times 1n a row,
the speech data 1s transmitted to the information center 11,
and a speech recognition operation 1s again performed 1n the
information center 11.

Specifically, as shown 1n FIG. 7, when 1t 1s determined that
the erroneous recognition occurs multiple times 1n a row, and
when the feature comparison section 9 determines that the
“same word” 1s spoken by the user multiple times 1n a row, the
control apparatus 1 transmits the speech data to the informa-
tion center 11 via the communication device 14. The infor-
mation center 11 includes a center speech recognition section
26, a database 27 for speech recognition, and a search device
28. When the center speech recognition section 26 receives
the speech data from the control apparatus 1 of the vehicle via
the communication device 24, the center speech recognition
section 26 performs a speech recognition operation on the
received speech data based on the database 27 for the speech
recognition. In this case, since the database 27 for speech
recognition in the information center 11 1s huge as compared
with the database 10 for speech recognition in the vehicle, 1t
1s possible to perform the speech recognition with high accu-
racy.

A result of the speech recognition of the center speech
recognition section 26 1s transmitted to the search device 28.
Based on the result of the speech recognition such as name or
byname of facility etc., the search device 28 searches the map
database 18 and acquires positional information of the facility
etc. indicated by the result of the speech recognition. For
example, the search device 28 acquires information on lati-
tude and longitude and/or map code of the facility etc. Fur-
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ther, the search device 28 transmits the acquired information
on latitude and longitude and/or map code and the result of the
speech recognition (name of facility etc.) to the control appa-
ratus 1 via the communication device 24. When the control
apparatus 1 of the vehicle recerves the information on the
latitude and longitude and/or map code, and the result of the
speech recognition (name of facility etc.) from the informa-
tion center 11 via the communication device 14, the control
apparatus 1 displays a point indicated by the latitude and
longitude and/or map code as well as a map on the display
device 230. The speech read-aloud section 15 of the control
apparatus 1 of the vehicle reads aloud the recerved result of
the speech recognition (e.g., the facility name etc.,) as a
speech output from the speaker 5, and the speech read-aloud
section 15 outputs a speech message asking permission to set
the destination point to the point displayed on the display
device 230. When the user gives (answers) the permission to
set the destination point to the point displayed on the display
device 230, the car navigation apparatus 2 sets the destination
point to the point displayed on the display device 230. In this
case, the control apparatus 1 and the car navigation apparatus
2 can correspond to a position information providing section
or means, or an external position information providing sec-
tion or means. Alternatively, the communication device 14
and the speech read-aloud section 15 may correspond to a
position information providing section or means, or an exter-
nal position information providing section or means,

Next, operation of the control apparatus 1 of the fourth
embodiment will be described with reference to the flowchart
of FIG. 8. Like references are used to refer to like steps
between the present embodiment and the second embodi-
ment. Since steps S10 to S110, S230, S120 and S140 of the
present embodiment can be substantially the same as those in
the flowchart of FIG. 4 of the second embodiment, other steps
will be mainly described given.

When 1t 1s determined at S110 of FIG. 8 that the degree of
similarity between the two speech data “1”” and “2” 1s greater
than the predetermined degree (e.g., 95%), 1t can be deter-
mined that the “same word” 1s spoken by the user multiple
times 1n a row. In this case, the determination “YES” 1s made
at S110, and the process proceeds to S410. At S410, the
control apparatus 1 transmits the speech data (1.e., one of the
two speech data “1” and *“27) to the information center 11.
Then, the control apparatus 1 waits for the information center
11 to transmit the information on latitude and longitude and/
or map code and the result of the speech recognition (facility
name etc.).

When the information center 11 recerves the information
on the speech data, a speech recognition operation 1s again
performed on the recerved speech data by the information
center 11 based on the database 27 for speech recognition.
Then, the information center 11 searches the map database
based on a result of this speech recognition (1.e., name of
facility etc. such as byname and the like), thereby acquiring
the positional information of the facility etc. as a result of the
speech recognition. That 1s, the information center 11
acquires the information on latitude and longitude and/or map
code. Further, the information center 11 transmits the infor-
mation on latitude and longitude and/or map code, and the
result of the speech recognition (1.e., name of facility etc) to
the control apparatus 1 of the vehicle.

Then, at S420, the control apparatus 1 of the vehicle
receives and acquires the mnformation on latitude and longi-
tude and/or map code, and the result of the speech recognition
(name of facility etc.) transmitted from the information center
11. At S430, the control apparatus 1 displays the point indi-
cated by the received information on latitude and longitude
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and/or map code together with the map by using the display
device 230 of the car navigation apparatus 2. Further, the

speech read-aloud section 15 of the control apparatus 1 of the
vehicle reads aloud the received result (name of facility etc.)
ol the speech recognition, so that the recerved result 1s out-
putted (provided) from the speaker 5 as a speech output. In
addition, from the speaker 5, the speech read-aloud section 15
outputs a speech message (guidance) asking permission to set
the destination point to the point displayed on the display
device 230.

At S440, the control apparatus 1 determines whether the
user mputs a reply giving permission to set the destination
point to the point displayed on the display device 230. When
the user inputs the reply giving permission to set the destina-
tion point to the point displayed on the display device 230, the
determination “YES” 1s made at S440, and the car navigation
apparatus 2 sets the destination point to the point displayed on
the display device 230, and the process proceeds to S40.
Subsequent steps can be substantially the same as those of the
first embodiment.

When the user inputs the reply indicating that the destina-
tion point 1s not to be set to the point displayed on the display
device 230, the determination “NO” 1s made at S440, the
process proceeds to S120. At S120, the speaker S outputs a
guidance speech prompting the user to input (speak) the name
of the facility. Then, the process proceeds to S140 to perform
the speech recognition, and subsequent steps can be substan-
tially the same as those of the first embodiment. Except for the
above-described configuration, the fourth embodiment can
have substantially the same configuration as the second
embodiment.

In the fourth embodiment, the control apparatus 1 1s con-
figured as follows. When the erroneous recognition occurs
multiple times 1n a row, and when 1t 1s determined the “same
word” 1s spoken by the user multiple times 1 a row, the
control apparatus 1 transmits the speech data to the external
information center 11. In the information center 11, the
speech recognition 1s again performed based on the database
277 for speech recognition, and then, the external information
center 11 searches the map database 18 based on a result of
the speech recognition (1.e., name or byname of a facility
etc.), thereby acquiring the positional information of the
facility etc. of the result of the speech recognition. For
example, the information on the latitude and longitude and/or
map code of the facility etc. 1s acquired. The control apparatus
1 recerves this information on the latitude and longitude and/
or map code, and the result of the speech recognition. The
control apparatus 1 displays the recerved information and the
received result with the display device 230 of the vehicle or
reads aloud the received information and the received result.
According to the above configuration, after the speech rec-
ognition 1s again performed in the information center 11
based on the database 27 for speech recognition, the control
apparatus 1 can set the destination point by acquiring the
position mformation of the facility etc. of the result of the
speech recognition (the information on the latitude and lon-
gitude and/or map code). Therefore, 1t 1s possible to prevent
the erroneous recognition from continuing, and 1t 1s possible
to prevent the user from giving up using the speech recogni-
tion apparatus and from getting a bad impression of the
speech recognition apparatus.

Fifth Embodiment

FIGS. 9 and 10 1llustrate a fifth embodiment. Between the
fifth embodiment and the second embodiment, like refer-
ences are used to refer to like parts. In the fifth embodiment,
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when the erroneous recognition occurs multiple times in a
row, and when 1t 1s determined that the “same word” 1s spoken
by the user multiple times 1in a row, the control apparatus 1
converts the speech data into a character string, transmits the
character string and the information on the vehicle position to
the information center 11, and causes the information center
11 to perform the following. The information center 11
searches the bynames database 12 with the received data of
the character string and the received information on the
present position of the vehicle, thereby acquiring a list of
similar bynames of facility names of facilities existing around
the present position of the vehicle by. The control apparatus 1
receives and reads aloud this list of similar bynames or dis-
plays the list with the display device 230 of the vehicle.

Specifically, as shown 1n FIG. 9, the control apparatus 1 of
the vehicle includes a character conversion section 29. When
the erroneous recognition occurs multiple times 1n a row and
when 1t 1s determined that the “same word” 1s spoken by the
user multiple times 1n a row, this character conversion section
29 converts the speech data mto a character string (1.e., a
character string indicating name of the facility such as
byname and the like) and transmits a data of the converted
character string to the information center 11 via the commu-
nication device 14. The controller 17 of the information cen-
ter 11 recerves the data of the character string and the infor-
mation on the vehicle position from the control apparatus 1 of
the vehicle, and searches the byname database 12 with the
received data of the character string and the recerved infor-
mation on the vehicle position. In this case, the controller 17
retrieves a list of bynames of facilities (i.e., a list of bynames
of facility names) existing around the vehicle position. For
example, the controller 17 retrieves a list of bynames of
tacilities located within a predetermined radius (e.g., 10 km to
20 km) from the vehicle position. Then, the controller 17
makes a comparison between the retrieved list and the
received character string (e.g., the name or bynames of facil-
ity etc.), and makes a list of bynames that are similar to the
character string (candidate of fuzzy-coinciding bynames).
The list of bynames that are similar to the character string 1s
referred to herein as a list of similar bynames of facility
names. Then, the controller 17 transmits the list of similar
bynames of facility names to the control apparatus 1 of the
vehicle via the communication device 16. The speech read-
aloud section 15 of the control apparatus 1 of the vehicle
receives the list of similar bynames of facility names from the
information center 11 via the communication device 14, and
reads aloud and outputs (provides) the received list of similar
bynames of facility names as a speech output from the
speaker 5. A data of the recerved list of similar bynames of
facility names 1s transmitted to the car navigation apparatus 2
and displayed (provided) on the display device 230. In the list
of similar bynames of facility names, the similar names and
the official names registered in the dictionary (and positional
information of facilities) are associated with each other. Both
of the similar names and the official names are displayed. In
this configuration, the control apparatus 1 and the car navi-
gation apparatus 2 can correspond to a similar name provid-
Ing means or section, or an external similar name providing
means or section. Alternatively, the communication device 14
and the speech read-aloud section 15 may correspond to a
similar name providing means or section, or an external simi-
lar name providing means or section.

Operation of the control apparatus 1 of the fifth embodi-
ment will be described below with reference to the tlowchart

of FIG. 10. Like references are used to refer to like steps
between FIG. 10 of the present embodiment and FIG. 4 of the
second embodiment. Since steps S10 to S110, 5120 and 5140
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can be substantially the same as those 1n FIG. 4 of the second
embodiment, other steps will be mainly described below.
When 1t 1s determined at S110 of FIG. 10 that the degree of
similarity between the two speech data “1” and *“2” 1s greater
than the predetermined degree (e.g., 95%), 1t can be deter-

mined that the “same word” 1s spoken by the user multiple
times 1n a row. In this case, the determination “YES” 1s made
at S110 and the process proceeds to S510. At S510, the
control apparatus 1 converts the speech data into the character
string and transmits the character string and the information
on the vehicle position to the information center 11.

At 5520, the control apparatus 1 causes the information
center 11 to perform the followings. The information center
11 recerves the data of the character string and the informa-
tion on the vehicle position, and searches the byname data-
base 12 by using the character string (name of facility etc.,
such as byname and the like) and the vehicle position. The
information center 11 retrieves the list of bynames of facili-
ties existing around the vehicle position (e.g., existing 1n an
area located within a predetermined radius of 10 km to 20 km
from the vehicle position). The information center 11 makes
a comparison between the extracted list and the recerved
character string (name of facility etc. such as byname and the
like), thereby making a list of bynames that are similar to the
character string (candidates of fuzzy coinciding bynames).
That 1s, the list of similar names of facility names 1s made. The
information center 11 transmits the list of stmilar bynames of
facility names to the control apparatus 1. In the transmitted
list of similar bynames of facility names, the official names
and the positional information (facility location information)
are associated with and attached to the bynames.

At S530, the speech read-aloud section 15 of the control
apparatus 1 of the vehicle receives and acquires the list of
similar bynames of facility names from the information cen-
ter 11. At S540, the speech read-aloud section 13 rearranges
a data of the list of similar bynames of facility names in order
ol increasing distance from the vehicle position, and then
reads aloud (provides) the data of the list of similar bynames
of facility names as a speech output form the speaker 3 1n
order of increasing distance from the vehicle position. In
addition to this speech output, the data of the list of stmilar
bynames of facility names 1s transmitted to the car navigation
apparatus 2 and rearranged 1n order of increasing from the
vehicle position, and then, the data of the list 1s displayed with
the display device 230 1n order of increasing from the vehicle
position.

Then, the process proceeds S120. At S120, from the
speaker 5, the control apparatus 1 outputs a guidance prompt-
ing the user to input (speak) the name of the facility. Then, the
process proceeds to S140 to perform the speech recognition.
Subsequent steps can be substantially the same as those in the
first embodiment. Except for the above-described configura-
tion, the fifth embodiment can have substantially the same
configuration as the second embodiment.

In the fifth embodiment, the control apparatus 1 1s config-
ured as follows. When the erroneous recognition occurs mul-
tiple times 1n a row, and when it 1s determined that the “same
word” 1s spoken by the user multiple times 1 a row, the
control apparatus 1 converts the speech data into the character
string, and transmits the data of the character string and the
information on the vehicle position to the external informa-
tion center 11, so that the information center 11 searches the
byname database 12 and acquires the list of bynames of
facilities existing around the present position of the vehicle.
The control apparatus 1 receives and reads aloud this list of
similar bynames of facility names or displays the list on the
display device 230 of the vehicle. In this configuration, when
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the list of similar bynames of facility names are read aloud or
displayed, the user can recognize a correspondence between
the similar bynames and the official names registered 1n the
dictionary of the database 10 of the speech recognition appa-
ratus, and thus, the user can select and speak the official name
corresponding to the similar byname. In this way, since 1t 1s
possible to recognize the user-spoken official name by speech
recognition and acquire the official name and the positional
information of the user-input-target facility, 1t 1s possible to
prevent the erroneous recognition from continuing.

In the fifth embodiment, by collecting the information from
other persons via the information center 11, the control appa-
ratus 1 can acquire the list of similar bynames of facility
names existing around the present position of the vehicle, and
can display or read aloud the facility names having the similar
names. Alternatively, the control apparatus 1 may be config-
ured as follows. The name (similar bynames) that 1s in the list
of stmilar bynames and 1s not registered in the dictionary may
be converted into a speech data. The speech data may be
automatically registered 1n the dictionary for speech recog-
nition 1n the database 10 while being connected to the regis-
tered official name or facility location. In this configuration,
when the user selects and speaks the byname, the control
apparatus 1 can recognize the spoken byname by speech
recognition based on the recerved list of similar bynames of
facility names or the dictionary of the database 10, and the
control apparatus 1 can acquire the oificial name and the
positional information of the facility (facility point informa-
tion).

In the above example of the fifth embodiment, the control
apparatus 1 of the vehicle rearranges the data of the list of
similar bynames of facility names in order of increasing dis-
tance from the vehicle. Alternatively, the information center
11 may rearrange the data of the list of similar bynames of
facility names 1n order of increasing distance from the
vehicle, and then may transmit the rearranged data of the
tacility name list of similar bynames to the control apparatus
1 of the vehicle.

The above control apparatus 1 may be configured as fol-
lows. When the user inputs the user-input-target facility as a
first speech input by uttering the name of the user-input-target
tacility, the speech recognition section 6 recognizes the first
speech input and refers to the dictionary of the database 10 to
determine whether a facility name coinciding with the first
speech mput exists 1n the dictionary. When the speech recog-
nition section 6 determines that the facility name coinciding
with the first speech mput does not exist in the dictionary, the
control apparatus 1 (position information providing section)
notifies the user that the facility name coinciding with the first
speech mput does not exist 1n the dictionary. Further, the
control apparatus 1 stores the first speech mput and prompts
the user to re-input the user-input-target facility as a second
speech 1input. When the speech recognition section 6 deter-
mines that the facility name coinciding with the second
speech 1nput does not exist in the dictionary, the feature
comparison section 9 makes the comparison between a data
ol the first speech input and a data of the second speech 1nput.
When the feature comparison section 9 determines that the
data of the first speech input substantially matches the data of
the second speech mnput, the control apparatus 1 transmits the
character string and the present poison of the vehicle to the
external information center 11, and causes the external infor-
mation center 11 to search the byname database 12, which 1s
the database of facilities having bynames, by using the char-
acter string and the present poison of the vehicle to acquire the
list of stmilar bynames of facility names existing around the
vehicle. The control apparatus 1 recerves the list of similar
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bynames of facilities existing around the vehicle, and pro-
vides the user with the recerved list.

While the invention has been described above with refer-
ence to various embodiments thereol, it 1s to be understood
that the invention 1s not limited to the above described
embodiments and constructions. The invention 1s intended to
cover various modifications and equivalent arrangements.

Further, each or any combination of procedures, processes,
steps, or means explained 1n the above may be achieved as a
soltware section or portion and/or a hardware section or por-
tion (e.g., circuit or itegrated circuit), including or not
including a function of a related device; furthermore, the
hardware section or portion can be constructed inside of a
microcomputer.

Furthermore, the software section or portion or any com-
binations of multiple software sections or portions may be
included 1n a software program, which 1s contained 1n a
computer-readable storage media so as to be executable by a
CPU or 1s installed 1n a computer via a communications
network.

What 1s claimed 1s:
1. A speech recognition apparatus comprising:
a speech recognition section in a processor, the speech
recognition section
performs digital conversion to repeatedly convert a
speech signal, which 1s inputted via a microphone
from a user, into a speech data, the speech data being
digitalized, and

performs speech recognition based on the speech data;

a comparison section in the processor, the comparison
section makes a comparison between the speech data
from the speech signal mputted a last time and the
speech data from the speech signal inputted a time
betore the last time to determine whether the speech data
inputted the last time substantially matches the speech
data inputted the time before the last time, 1n response to
a user’s indication that the speech recognition for rec-
ognizing a name of a user-input-target facility by the
speech recognition section results 1n erroneous recogni-
tion multiple times 1n a row, wherein the user-input-
target facility 1s a specific facility that the user would like
to 1nput;

a guidance output section 1n the processor, the guidance
output section outputs a guidance prompting the user to
utter the user-input-target facility by calling the user-
input-target facility by another name, when the compari-
son section determines that the speech data inputted the
last time substantially matches the speech data inputted
the time betfore the last time; and

a database including a dictionary in which facility names
are registered,

wherein:

when the user inputs the user-input-target facility as a first

speech input by uttering the name of the user-input-
target facility, the speech recognition section recognizes
the first speech mput and refers to the dictionary of the
database to determine whether a facility name coincid-
ing with the first speech mput exists 1n the dictionary;
when the speech recognition section determines that the
facility name coinciding with the first speech mnput does
not exist 1n the dictionary, the gmidance output section
notifies the user that the facility name coinciding with
the first speech mput does not exist 1n the dictionary,
stores the first speech mput, and
prompts the user to re-input the user-input-target facility

as a second speech input;
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when the speech recognition section determines that the
facility name coinciding with the second speech input
does not exist 1n the dictionary, the comparison section
makes the comparison between a data of the first speech
input and a data of the second speech input; and

when the comparison section determines that the data of
the first speech input substantially matches the data of
the second speech iput, the guidance output section
outputs the gmidance prompting the user to utter the
user-input-target facility by calling the user-input-target
facility by the another name.

2. A speech recognition apparatus comprising:

a speech recognition section 1n a processor speech recog-
nition section
performs digital conversion to repeatedly convert a

speech signal, which 1s inputted via a microphone
from a user, 1nto a speech data, and
performs speech recognition based on the speech data;

a comparison section 1n a processor, the comparison sec-
tion makes a comparison between the speech data from
the speech signal inputted a last time and the speech data
from the speech signal mputted a time before the last
time to determine whether the speech data mputted the
last time substantially matches the speech data inputted
the time before the last time, 1n response to a user’s
indication that the speech recognition for recognizing a
name of a user-input-target facility by the speech recog-
nition section results in erroneous recognition multiple
times 1n a row, wherein the user-input-target facility 1s a
specific facility that the user would like to mput;

a guidance output section 1n a processor, the guidance
output section makes a list of names of facilities existing
in an area in the vicinity of a present position and dis-
plays the list with a display device when the comparison
section determines that the speech data inputted the last
time substantially matches the speech data inputted the
time betore the last time; and

a database including a dictionary in which facility names
are registered,

wherein:

when the user mputs the user-input-target facility as a first

speech input by uttering the name of the user-input-
target facility, the speech recognition section recognizes
the first speech mput and refers to the dictionary of the
database to determine whether a facility name coincid-
ing with the first speech mput exists 1n the dictionary;
when the speech recognition section determines that the
facility name coinciding with the first speech input does
not exist in the dictionary, the guidance output section
notifies the user that the facility name coinciding with
the first speech mput does not exist 1n the dictionary,
stores the first speech mput, and
prompts the user to re-input the user-input-target facility
as a second speech mnput;

when the speech recognition section determines that the
facility name coinciding with the second speech input
does not exist 1n the dictionary, the comparison section
makes the comparison between a data of the first speech
input and a data of the second speech input; and

when the comparison section determines that the data of
the first speech input substantially matches the data of
the second speech iput, the guidance output section
makes the list of names of facilities existing in the area in
the vicimity of the present position and displays the list
with the display device.

3. The speech recognition apparatus according to claim 2,

wherein:

5

10

15

20

25

30

35

40

45

50

55

60

65

22

the list lists up the facility names registered in the dictio-
nary of the database.
4. A speech recognition apparatus comprising:
a speech recognition section in a processor, the speech
recognition section
performs digital conversion to repeatedly convert a
speech signal, which 1s inputted via a microphone
from a user, ito a speech data, and
performs speech recognition based on the speech data;
a comparison section in the processor, the comparison
section makes a comparison between the speech data
from the speech signal mputted a last time and the
speech data from the speech signal inputted a time
betfore the last time to determine whether the speech data
inputted the last time substantially matches the speech
data inputted the time before the last time, 1n response to
a user’s indication that the speech recognition for rec-
ognizing a name of a user-input-target facility by the
speech recognition section results 1n erroneous recogni-
tion multiple times 1n a row, wherein the user-input-
target facility 1s a specific facility that the user would like
to 1nput; and
a guidance output section 1n the processor, the guidance
output section 1s configured to connect with an external
server via the Internet,
wherein:
when the comparison section determines that the speech
data inputted the last time substantially matches the
speech data inputted the time before the last time, the
guidance output section
connects to the external server via the Internet makes a
search by using a feature ol the speech data as a search
key to retrieve content, and
displays the retrieve content with a display device, and
the speech recognition apparatus uses a speech search solu-
tion enabling a search of a word with araw speech when
the search using the feature of the speech data 1s per-
formed via the Internet.
5. A speech recognition apparatus for a vehicle, wherein:
a speech recognition section in a processor, the speech
recognition section
performs digital conversion to repeatedly convert a
speech signal, which 1s inputted via a microphone
from a user, 1nto a speech data, and
performs speech recognition based on the speech data;
a comparison section in the processor, the comparison
section makes a comparison between the speech data
from the speech signal mputted a last time and the
speech data from the speech signal inputted a time
betore the last time to determine whether the speech data
inputted the last time substantially matches the speech
data inputted the time before the last time, 1n response to
a user’s indication that the speech recognition for rec-
ognizing a name ol a user-input-target facility by the
speech recognition section results 1n erroneous recogni-
tion multiple times 1n a row, wherein the user-input-
target facility 1s a specific facility that the user would like
to 1nput;
an external-byname providing section in the processor, the
external-byname providing section i1s configured to con-
nect with an external information center; and
a second database 1including a dictionary 1n which facility
names are registered,
wherein:
when the comparison section determines that the speech
data mputted the last time substantially matches the
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speech data iputted the time before the last time, the
external-byname providing section
transmits information on a present position of the
vehicle to the external information center,
causes the external information center to search a first
database, which 1s a database of facilities having
bynames, to acquire a list of bynames of facilities that
exists around the present position of the vehicle,
receives the list of bynames from the external informa-
tion center, and
displays the recerved list of bynames with a display
device,
when the user inputs the user-input-target facility as a first
speech 1put by uttering the name of the user-input-
target facility, the speech recognition section recognizes
the first speech mnput and refers to the dictionary of the
second database to determine whether a facility name
comnciding with the first speech mput exists 1n the dic-
tionary;
when the speech recognition section determines that the
facility name coinciding with the first speech input does
not exist in the dictionary, the external-byname provid-
ing section
notifies the user that the facility name coinciding with
the first speech mput does not exist 1n the dictionary,
stores the first speech mput, and
prompts the user to re-input the user-input-target facility
as a second speech input;
when the speech recognition section determines that the
facility name coinciding with the second speech input
does not exist 1n the dictionary, the comparison section
makes the comparison between a data of the first speech
input and a data of the second speech input; and
when the comparison section determines that the data of
the first speech input substantially matches the data of
the second speech 1nput, the external-byname providing
section
transmits the mnformation on the present position of the
vehicle to the external information center,
causes the external information center to search the first
database of the external information center to acquire
a list of bynames of facilities existing around the
present position of the vehicle,
receives the list of bynames from the external informa-
tion center, and
displays the received list of bynames with the display
device.
6. The speech recognition apparatus according to claim 5,
wherein:
the external-byname providing section displays a first
name set and a second name set 1n pairs with the display
device;
the first name set 1s a set of names registered 1n the dictio-
nary of the second database; and
the second name set 1s a set of bynames not registered in the
dictionary of the second database.
7. The speech recognition apparatus according to claim 6,
wherein:
the external-byname providing section causes the display
device to display the first name set and the second name
set distinguishably from each other.
8. The speech recognition apparatus according to claim 3,
wherein:
the first database, which the external information center
searches 1n acquiring the list of bynames of facilities
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existing around the present position of the vehicle,
includes popular names and nicknames by which other
users call the facilities.

9. The speech recognition apparatus according to claim 8,

5 wherein:
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the other users are local people in an area around the
present position of the vehicle.
10. A speech recognition apparatus for a vehicle, wherein:
a speech recognition section in a processor, the speech
recognition section
performs digital conversion to repeatedly convert a
speech signal, which 1s inputted via a microphone
from a user, into a speech data, and
performs speech recognition based on the speech data;
a comparison section in the processor, the comparison
section makes a comparison between the speech data
from the speech signal mputted a last time and the
speech data from the speech signal mputted the time
betfore the last time to determine whether the speech data
inputted the last time substantially matches the speech
data inputted the time before the last time, 1n response to
a user’s indication that the speech recognition for rec-
ognizing a name of a user-input-target facility by the
speech recognition section results 1n erroneous recogni-
tion multiple times 1 a row, wherein the user-input-
target facility 1s a specific facility that the user would like
to 1nput; and
a database of facilities having bynames; and
an internal-byname providing section in the processor, the
internal-byname providing section
acquires a list of bynames of facilities existing around a
present position of the vehicle by searching the data-
base of bynames and provides the user with the
acquired list when the comparison section determines
that the speech data inputted the last time substan-
tially matches the speech data inputted the time before
the last time; and
the iternal-byname providing section includes a speech
read-aloud section that recerves of bynames of facilities
and outputs the list as a speech output 1n order of increas-
ing distance from the present position of the vehicle.
11. A speech recognition apparatus, comprising:
a speech recognition section in a processor, the speech
recognition section
performs digital conversion to repeatedly convert a
speech signal, which 1s inputted via a microphone
from a user, 1nto a speech data, and
performs speech recognition based on the speech data;
a comparison section in the processor, the comparison
section makes a comparison between the speech data
from the speech signal mputted a last time and the
speech data from the speech signal inputted a time
betfore the last time to determine whether the speech data
inputted the last time substantially matches the speech
data mmputted the time before the last time, 1n response to
a user’s indication that the speech recognition for rec-
ognizing a name ol a user-input-target facility by the
speech recognition section results 1n erroneous recogni-
tion multiple times 1 a row, wherein the user-input-
target facility 1s a specific facility that the user would like
to 1nput; and
a position information providing section in the processor,
the position information providing section 1s configured
to communicate with an external information center,
wherein:
when the comparison section determines that the speech
data mputted the last time substantially matches the




US 9,087,515 B2

25

speech data iputted the time before the last time, the
position information providing section
transmits the speech data to the external information
center,
causes the external information center to perform the
speech recognition based on the transmitted speech
data,
causes the external imnformation center to acquire posi-
tional information of the user-input-target facility as a
result of the speech recognition,
receives the positional information of the user-input-
target facility from the external information center,
and
provides the user with the acquired positional informa-
tion of the user-input-target facility,
the position information of the result of the speech recog-
nition corresponds to information on latitude and longi-
tude and/or map code,
the position nformation providing section includes a
speech read-aloud section, and
the speech read-aloud section provides the user with the
result of the speech recognition as a speech output.
12. A speech recognition apparatus for a vehicle, compris-

ng:

a speech recognition section 1 a processor, the speech
recognition section
performs digital conversion to repeatedly convert a

speech signal, which 1s inputted via a microphone
from a user, into a speech data, and
performs speech recognition based on the speech data;

a comparison section in the processor, the comparison
section makes a comparison between the speech data
from the speech signal mputted a last time and the
speech data from the speech signal mputted a time
betore the last time to determine whether the speech data
inputted the last time substantially matches the speech
data inputted the time before the last time, 1n response to
a user’s indication that the speech recognition for rec-
ognizing a name of a user-input-target facility by the
speech recognition section results 1n erroneous recogni-
tion multiple times 1n a row, wherein the user-input-
target facility 1s a specific facility that the user would like
to 1nput;

a position information providing section in the processor,
the position information providing section 1s configured
to communicate with an external information center:;
and

a second database including a dictionary in which facility
names are registered,

wherein:

when the comparison section determines that the speech
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speech data mputted the time before the last time, the
position mformation providing section
transmits a character string, into which the speech data 1s
converted, and a present position of the vehicle to the
external information center,
causes the external information center to search a first
database, which 1s a database of facilities having
bynames, by using the character string and the present
poison of the vehicle to acquire a list of similar
bynames of facilities existing around the vehicle,
receives the list of similar bynames of facilities existing
around the vehicle from the external information cen-
ter, and
provides the user with the received list,
when the user inputs the user-input-target facility as a first
speech input by uttering the name of the user-input-
target facility, the speech recognition section recognizes
the first speech mput and refers to the dictionary of the
second database to determine whether a facility name
coinciding with the first speech mput exists in the dic-
tionary;
when the speech recognition section determines that the
facility name coinciding with the first speech mnput does
not exist in the dictionary, the position information pro-
viding section
notifies the user that the facility name coinciding with
the first speech mput does not exist 1n the dictionary,
stores the first speech 1nput, and prompts the user to
re-input the user-input-target facility as a second
speech mput;
when the speech recognition section determines that the
facility name coinciding with the second speech input
does not exist 1n the dictionary, the comparison section
makes the comparison between a data of the first speech
input and a data of the second speech input; and
when the comparison section determines that the data of
the first speech input substantially matches the data of
the second speech nput, the position mformation pro-
viding section
transmits the character string and the present poison of
the vehicle to the external information center,
causes the external information center to search the first
database, which 1s the database of facilities having
bynames, by using the character string and the present
poison of the vehicle to acquire the list of similar
bynames of facility names existing around the
vehicle,
receives the list of stmilar bynames of facilities existing
around the vehicle, and
provides the user with the received list.
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